Induction of labor is conducted in special fetal or maternal conditions. Labor is induced in about 20% of women. The aim of this study was realizing the relationship between some factors including cervical ripening and also response to induction so we could predict the induction outcome better. Material and methods: The present prospective study was based on 101 pregnancy cases admitted to the labor ward in Urmia from March 2010 until December 2010. Maternal age ranged from 17 to 41 years and the gestational age between 37 to 42 weeks according to an ultrasound or reliable last menstrual period, as criteria of study inclusion. After admission, patients had a vaginal speculum for Preterm Premature Rupture of Membranes (PPROM), Abdominal ultrasonography for biometry and Amniotic Fluid Index (AFI), transperineal ultrasonography for measuring fetal head distance to maternal perineum, and vaginal ultrasonography for measuring cervical length and posterior angle of fetal head with cervix were undergone. Bishop score was assigned to another person. Labor was induced by administering either intravaginal misoprostol (25 microgram every six hours for a Bishop score lower than 7) or intravenous oxytocin (low dose regimen for a Bishop score equal to or more than 7). Results: Misoprostol was used for 75 patients and 26 patients had induction of labor with low dose oxytocin. Eighty one patients had Normal Vaginal Delivery (NVD) while 20 were delivered via Cesarean Section. For cervical ripening, Bishop Score (p<0.001), cervical length (p=0.04) and parity (p=0.06) were predicting factors. The cervical posterior angle p=0.02 had a predicting role in natural delivery. Conclusion: The cervical posterior angle was a predicting factor for natural delivery. Although cervical length, Body Mass Index (BMI), and parity were not predicting factors for natural delivery; these factors were good predictors for cervical ripening.
Introduction
Induction refers to the stimulation of the uterine contractions before the spontaneous onset of the labor (with or without premature rupture of membranes). Labor induction is indicated whenever the advantages for mother or fetus are more important than continuing the pregnancy such as rupture of membranes along with chorioamnionitis or severe pre-eclampsia [1, 2] . Around 20% of pregnancies need induction to be terminated [3, 4] . Pregnancy termination by induction increases the percent of caesarean sections compared with spontaneous delivery (5, 6) by 25% in nulliparous and 5% in multiparous cases [7] [8] [9] . It seems ideal to determine the caesarean risks before starting induction. The standard method for predicting the response to induction is based on the Bishop score for determining cervical ripening [10, 11] . The Bishop score is defined based on scoring cervical position, cervical consistency, fatal station, cervical effacement, and cervical dilation which are all subjective criteria [12] [13] [14] [15] [16] . There are studies that have shown that the prediction rate of the Bishop score is weak mainly because it is a subjec- tive based protocol and the rate of bias is high [17] [18] [19] [20] . In recent years, a great deal of attention has been paid to measuring the cervical length using transvaginal ultrasound as an objective method for predicting induction results. Comparisons between the two methods in predicting induction results have demonstrated great differences [3, 21] . There are studies in which it was demonstrated that a high Body Mass Index (BMI) decreases contraction and a high dosage of oxytocin is required [22] [23] [24] .
There have been many studies regarding the lack of correspondence between the prediction results in the two methods and it was observed also in the Torkildsen et al [21] and Torricelli et al [22] studies; the Park et al [23] found no significant differences. Uyar et al [13] found that in spite of the direct relationship between the cervical length and induction to delivery interval, no relationship between induction to delivery interval and Bishop score could be found [14] . Gomez et al [11] found that the cervical length was more successful than the Bishop score in predicting induction result and Eggebo et al demonstrated that the distance between the fetal head and perineum could predict induction results in the same manner as the cervical length and Bishop score. However, other authors suggest that none of the above methods are successful to predict induction results singly [10, 25, 26] .
The aim of the present study was to detect the parameter which can predict cervical ripening and successful induction in term pregnancies.
Material and methods
In this prospective study we selected 101 pregnant women using the criteria for selection used in previous studies [26] [27] [28] [29] . Inclusion criteria were considered to be: singleton pregnancy, gestational age of 37-42 weeks (gestational dating with under 20 weeks' ultrasound or Last Menopause Period (LMP) when considered reliable), fetal membranes intact (negative Fern and Nitrazin tests), and cephalic presentation. Exclusion criteria were: non cephalic presentation, vaginal bleeding, history of surgery on uterus, placenta previa, placental abruption, onset of labor pains, multiple gestations, macrosomia, and patient's disapproval.
BMI was calculated for every patients. Ultrasound study was performed using Accuvix -V ten and Hoonda HS-2100 machine and fetal biometric, Amniotic Fluid Index (AFI), and diameter of the largest pocket were measured using the abdominal probe. Fetal weight was estimated by the Hadlock method [18, 28] . The distance between the fetal head to the mother's perineum was measured by an abdominal probe using a transperineal method (probe was hold transverse). The transvaginal ultrasound was performed with an empty bladder and cervical length (interval of internal and external cervical canal) was measured and posterior cervical angle with fetal head was calculated by the same gynecologist . Posterior angle was calculated during the cervical length measurement using printed photo (fig 1) . During measurement of the cervical length in order to prevent cervical deformation the minimum load over cervix was imposed. In all cases, three measurements were taken and the mean value of the three measurements was considered to be the current cervical length. The vaginal examination was conducted by another gynecologist (not informed about previous results) and the Bishop score was exactly determined based on its five parameters. Cervical ripening with misoprostol (25 microgram every 6 hours in posterior fornix of vagina) was considered for patients with Bishop score ≤ 6 and induction of labor with low dose oxytocin (2 m Unit per minute) for Bishop score ≥7 was considered.
Number of the required suppositories until cervical ripening, the required time from the first suppository until the cervical ripening, the induction response time and the entrance to active phase (cervical dilation more than or equal to 4 centimeter) were registered. The time interval between the beginning of the cervical ripening or induction and the natural delivery or the caesarean was also registered as well as sex and weight and the Apgar score of infant. It should be mentioned that the limitations for using suppositories were a maximum of up to 2 suppositories for cervical ripening and up to 4 suppositories (25 microgram every 6 hours) to enter the active phase. Induction of labor with oxytocin was up to 2 times, if the active phase was not established within 48 hours after entering the study.
All informations were collected by a checklist and finally by using SPSS 16.0 software, qualitative variables were analyzed by the chi-square statistical test and quantitative variables were analyzed by the t-test. P≤0.05 was consid-ered to be significant to determine the relationship between factors and cervical ripening and response induction.
Patients were free to leave the study and privacy policy was considered for patients. All stages of the study were verified by the Ethical Committee of the Urmia University of Medical Sciences which was in accordance with the Declaration of Helsinki.
Results
Study group demographic and clinical characteristics are summarized in Table I The reasons for caesarean were fetal distress in 9 cases (45%), ceohalopelvic disproportion (CPD) in 6 cases (30%), placental abruption in 3 cases (15%), and meconium staining of amniotic fluid in 2 cases (10%).
Patients were categorized based on their parity as: nulliparous 58.4%)(59 patients) , vaginal delivery 19.8% (20 patients), two vaginal deliveries 11.9% (12 patients), three vaginal deliveries 5.9% (6 patients), four vaginal deliveries 3% (3 patients), and five vaginal deliveries 1% (one patients).
The reasons for the hospitalization of patients under the study have been shown in Table II .
Among 101 patients, 75 (74.3%) had the Bishop score ≤6 and in these patients E1 (misoprostol intravaginal) was used at the beginning of intervention for their cervical ripening. In the remaining 26 patients (25.7%) with Bishop score ≤ 7 induction was started by oxytocin 2 m Unit per minute. Patients who reached Bishop score ≤ 7 during 12 hours were considered to be successful in cervical ripening and those with a Bishop score less than 7 after 12 hours of intervention were considered the failed group in cervical ripening. The two groups were compared and the results are summarized in table III. Irrespective of the Bishop score the patients with cervical dilation ≥ 4 cm in the first 24 hours were considered to be the group with a successful response to induction (90 patients). An unsuccessful induction was obtained in 11 patients. Characteristics of the study patients assigned in successful and unsuccessful response to induction groups are summarized in table IV. Characteristics of the study patients assigned depending on the delivery type (natural-80 patients and cesarean-21 patients) can be found in table V.
The relationships between measured variables and predicting response to induction in pregnant women depending on the occurrence of delivery (during the first 24 hours, and also during the first 36 hours) are analyzed in table VI and table VII respectively. ROC curve was used in order to determine the cutoff point related to the cervical length (fig 2) : 2.2 cm for cervical length has a sensitivity of 82% and specificity of 91% and could be used as a proper cut off point for cervical length.
Discussion
In various clinical cases it is necessary to terminate pregnancy [26] . Predicting induction success is one of the important and challenging issues for the doctor. So it is important to investigate the factors affecting it. One of the most important methods for predicting the response to induction is the Bishop score which has been used for a long timenow. As our study showed, the role of the Bishop score in predicting cervical ripening and response to induction, was more powerful than other factors.
In the study by Uyar et al, cervical length and BMI had a positive relationship with interval induction to the delivery time interval, while dilation and effacement had a negative relationship with induction to the delivery time interval [13] . No relationship between induction to delivery time interval on one hand and Bishop score, parity, age, and neonatal weight in the other hand was found and the value of cervical length was more helpful than other factors in predicting induction [14] . In our study the Bishop score was more powerful than other factors in predicting cervical ripening and response to induction.
In the study of Gomez et al the significance of the transvaginal cervical length measurement and the Bishop score calculation in predicting delivery induction was in- vestigated. In this study the cervical length had priority on the Bishop score in predicting the success of induction and had sensitivity and specificity of 66% and 76% compared with 77% and 56% for the Bishop score [12] . In our study the role of the Bishop score was more significant than other factors in cervical ripening and response to induction. In the study of Meijer-Hoogeveen et al it was found that the cervical length in standing or prone positions is a stronger factor in predicting unsuccessful induction [13] , rather than the Bishop score, which is contrary to our results.
In the Jamal et al study the Bishop score showed a linear relation with the latent phase time and the induction to delivery time. Women with cervical length < 2.6 cm and Bishop score >3 had a shorter latent phase with higher probability for delivery and both factors predict duration and type of delivery [10] . These results are in accordance with that of ours.
Of course the important point is that the Bishop score did not have a significant relationship with vaginal delivery which is our final goal, so it is necessary to start ripening and induction even in low Bishop score cases.
In our study, the cervical length gained a more important role after neutralizing the role of the Bishop score and a cut off was determined equal to 2.2 cm based on the ROC curve with a sensitivity of 82% and specificity of 91%, compared with the cut off estimated at > 2.6 by Jamal et al [10] .
In a study by Eggebo et al predicting response to delivery induction was conducted through the ultrasonographic measurement of the distance between the fetal head and mother's perineum and comparing it with other maternal and fetal factors. In spite of our results, the distance between the fetal head and perineum could predict a result similar to the cervical length and Bishop score, but the author claimed that none of the findings above are successful individually in predicting induction results and further studies would show us a combination of these factors [25] .
In a study by Nikbakht et al, the cervical length was compared with that of the Bishop score for predicting a type of delivery [26] . Findings showed that sensitivity levels of the cervical length test and the Bishop score in the true predicting of natural delivery are 71.6% and 53.4% respectively and the specificity in diagnosing caesarean are 45% and 66.7% respectively. This study concluded that there is no difference between measuring the cervical length with an index of 27 millimeters and the Bishop score of 4 in predicting the method of pregnancy termination.
We found a significant relationship between the parity and cervical ripening in our study. Similar results were obtained by Eggebo et al [25] and Nikbakht et al [27] .
Also similar to the study by Park et al. there is a significant relationship between reaching the active phase and BMI which was equal to the Bishop score in our study. However, in our study this relationship could not be observed in predicting the cervical ripening [30] .
We found no significant relationship between the fetal head to the perineum distance and cervical ripening or reaching active phase or vaginal delivery contrary to the results of Eggebo et al [24] . We think that ethnical and regional differences are responsible for this difference.
No significant relationship between the variable of fetal weight estimation and the cervical ripening amount or reaching the active phase or delivery was obtained. Also, no significant relationship between variables of AFI, mother's age, and gestational age on one hand and cervical ripening index or reaching active phase or delivery on the other hand was observed in our study.
Among 81 cases of natural delivery, only one case had a delivery in more than 48 hours, which shows better response of pregnant women in our region comparing with that of women included in the study of Gomez et al [11] . In the group with natural delivery during the first 24 hours, the natural delivery had a significant relationship with the Bishop score, cervical length, and parity. The same correlations were obtained in the group with natural delivery in the first 36 hours. AFI with the deepest pocket of amniotic fluid had a significant relationship with natural delivery in suspected cases. More investigations in this field are needed.
Finally, the interesting finding of our study was that in spite of the strong significant relationship between the Bishop score in cervical ripening and also reaching the active phase, there was no significant relationship between the Bishop score and occurrence of natural delivery. Also, despite the lack of a significant relationship between the posterior cervical angle and cervical ripening and reaching active phase, the posterior cervical angle had a significant relationship with the occurrence of a natural delivery, similar to Eggebo et al results [25] .
Limits of the study Beside all the results which were found in this study, there were just few probable factors which have to be taken into account, Also this study would have been more reliable if it was conducted on a larger population.
Conclusions
The cervical posterior angle could be considered a predicting factor for natural delivery. The cervical length, BMI, and parity are not predicting factors for natural delivery although these factors are good predictors for cervical ripening. Our study shows that predicting cervical ripening or reaching active phase could be different from predicting the final vaginal delivery. On the other hand regarding the lack of routine measurement of the posterior angle for predicting the delivery process, it would be possible to propose a solution for predicting final delivery results by continuing this study and conducting supplementary researches.
